Fifteen patients who had undergone a 14 inches x 4 inches jejuno-ileal bypass operation for obesity, 3 to 4 years earlier, were investigated by iliac bone biopsy, radiology and routine biochemistry, including 25-hydroxy-vitamin ID and parathyroid hormone estimations. Two patients had histological osteomalacia which was mild in one. A further 9 patients had abnormal bone biopsies, there being an excess of trabecular bone surface covered by osteoid with a normal or reduced amount of calcification front. Six of these 9 showed an increase in trabecular resorption, although in none were there excessive numbers of osteoclasts. The likely explanation for these findings is that these 9 patients had early osteomalacia with mild hyperparathyroidism, making a total of 11 patients out of 15 with osteomalacia. Radiology and blood chemistry were poor predictors of histological bone disease.
Introduction
Bypass of the small intestine is an established treatment for morbid obesity, more than 6000 operations having been reported by 1976 (Phillips, 1978 ).
Although osteomalacia is a possible complication of this procedure, it was not systematically studied until 1978 when Compston et al. (1978) reported histological osteomalacia in 10 of 21 unselected patients who had undergone surgery at least 3 years earlier. This Present address: Gastroenterology Unit, Royal Liverpool Hospital, Prescot Street, Liverpool L7 8XP. unexpectedly high prevalence requires confirmation, for it implies that thousands of patients are at risk from metabolic bone disease.
Patients and methods Patients
A standard end-to-side jejunal bypass operation, leaving 14 inches ofjejunum and 4 inches of ileum in continuity (Payne and DeWind, 1969) 
Methods
Blood samples were taken for serum calcium, phosphorus and alkaline phosphatase. Plasma 25-OH-vitamin D was measured by a competitive protein-binding assay (Haddad and Chyu, 1971) and plasma parathyroid hormone by two methods, a sensitive bioassay (Chambers et al., 1978; (Conaway and Anast, 1974 ) using a Cterminal-specific antibody (E. Slatopolsky, Washington University School of Medicine, St. Louis, Missouri). All patients were submitted to a radiographic survey of the skeleton including films of hands, feet, pelvis and thoraco-lumbar spine.
The iliac bone biopsies were taken between April and September, 1978. The procedure (Bordier et al., 1964) was done under local anaesthetic, the patient having received 1800 mg oral dimethylchlortetracycline over 2 days, 1 week earlier. The biopsy was of the through-and-through type and was taken from an area about 5 cm below the right iliac crest, a cylinder of bone 5 mm in diameter and consisting of the 2 cortices with intervening cancellous bone being obtained. Undecalcified sections, 6 ym thick, were prepared and stained with toluidine blue (Eastwood et al., 1974) , and measurements made in the area between the cortices, i.e. in the cancellous region (Bordier and Tun Chot, 1972; Bordier et al., 1973; Merz and Schenk, 1970 
Histology
Bone histology was abnormal in 11 of the 15 patients (Table 2 ). In 2 patients (patients 1 and 2). there was an increase in volume of osteoid together with a diminution in calcification front, i.e. classical osteomalacia, mild in one. In the remaining 9 patients (patients 3-11) with abnormal histology, there was an increase in trabecular surface covered by osteoid, but a normal volume of osteoid. The extent of calcification front quantitated on toluidine blue stained slides was normal or reduced, an observation that was confirmed on tetracycline fluorescence. One of these 9 patients was exceptional in that he had an increase in volume of osteoid, but because there was a normal amount of calcification front he has not been considered as having osteomalacia. In 6 of the 9 patients, there was an increase in trabecular resorption (expressed as percentage of 'available' surface), but the number of osteoclasts was normal. In the remaining 4 patients (patients 12-15), there was no histological abnormality apart from osteopenia in two.
Plasma biochemical values and X-rays Plasma values were largely unhelpful in detecting histological bone disease. Nevertheless, one of the 2 patients with a particularly low plasma calcium had histological osteomalacia. Plasma ionised calcium (range 109-1*21 mmol/litre, 4-36-4-84 mg/100 ml) was normal in all 11 patients in whom it was measured (patients 3, 4, 7-15). Three patients had a raised serum concentration of alkaline phosphatase; two (patients 1 and 14) of these had cirrhosis of the liver with raised plasma y-glutamyl-transpeptidase concentrations. Plasma 25-OH-vitamin D was low in 6 of the 15 patients, but no lower in those with bone disease than in those without; nevertheless the two with osteomalacia were among the 6 low values. Plasma levels of parathyroid hormone were raised in 3 patients by cytochemical assay and in 7 patients by C-terminal assay. The blood urea (range 2-0-5-3 mmol/litre, 12-0-31-8 mg/100 ml) and plasma creatinine (range 44-105 ,umol/litre, 0-5-12 mg/100 ml) were normal in all 15 patients.
Skeletal radiographs revealed no evidence of metabolic bone disease in any patient.
Clinicalfeatures
Stool frequency was unrelated to histological bone disease, but the 2 patients with osteomalacia were among 5 who had lost more than 55 kg since the operation.
Discussion
This study of 15 patients 3 to 4 years after jejunoileal bypass, shows that the majority (11 patients) had histological abnormalities in the bone. In 2 patients, there was clear evidence of osteomalacia, in that there was an excessive volume of osteoid tissue as well as a diminution in calcification front. In a further 9 patients, although the volume of osteoid was normal, there was an increase in trabecular surface covered by osteoid and the amount of calcification front was normal or reduced. Six of these 9 patients showed an increase in the amount of trabecular surface showing resorption. These findings are similar to those reported by Parfitt et aL (1978) who performed bone biopsies in 10 patients who had been selected because of suspicion of metabolic bone disease from a group of 52 patients with a jejuno-ileal bypass. They found an increase in the amount of trabecular surface showing resorption in 5 patients, and their measurements of osteoid showed that the rate of osteoid formation and mineralisation was reduced in all 10 patients. In other words, the 50-59, 19.6 ±+415; 60-69, 19 .1 ±+490 (Merz and Schenk, 1970) .
increase in trabecular resorption was probably due not only to increased resorption, but also to dimin- Definite histological evidence of hyperparathyroidism in our patients was lacking. Nevertheless, as mentioned above, 6 of the 9 patients showed an increase in trabecular surface showing resorption, although the number of osteoclasts was normal. Circulating levels of parathyroid hormone were raised in 6 out of 7 patients using the C-terminal immunoassay, but in only 3 of these 6 patients by cytochemical assay. A possible explanation for this discrepancy is that the C-terminal assay is known to recognise at least one fragment as well as whole hormone (Arnaud et al., 1974) , whereas the cytochemical assay, which measures biological activity, recognises whole hormone but not C-terminal fragments. Our findings are similar to those ofParfitt et al. (1978) who, in addition to finding increased resorption in 5 patients, found raised levels of parathyroid hormone by C-terminal assay in 3 out of 10 patients. As in our patients, osteoclast numbers were normal. It is probable that in both series, the patients had mild hyperparathyroidism, as has been suggested by others (Compston et al., 1978; Thode, Madsen and Hey, 1978) , in addition to the defect in osteoid formation and mineralisation mentioned earlier.
In other words, our 15 patients show a spectrum of histological appearances from normality to classical osteomalacia. In this study and the study from Mosekilde et al. (1980) , there is no evidence to support the suggestion of a bone disease characterised by bone loss and possibly due to absorption from the bowel of 'resorptive factors' such as endotoxin (Simmonds et al., 1975; Fumarola, 1978) . The incidence of osteomalacia varies in different reports. Compston et al. (1978) found histological evidence of osteomalacia in 10 out of 21 patients studied up to 7 years after bypass. It is possible that the higher incidence in their series as compared with those of Parfitt et al. (1978) , Baddeley (1979) and ourselves is related to the type of operation performed. In the series of Compston et al. (1978) , the majority of patients had had almost complete bypass of the jejunum, only 4 inches remaining compared with 14 inches in the present series, so it is possible that there was greater interference with vitamin D absorption in the jejunum in their patients than in ours. Another factor to be considered is the interval between operation and the assessment of bone histology.
To our knowledge there are no quantitative histological studies of bone in untreated grossly obese patients. Therefore, before concluding that the abnormalities seen in the bone biopsies in the present and other studies are related to the bypass procedure, it is important to know that the bones are normal at the time of operation. Until detailed studies of bone histology are carried out, both before and at intervals after the operation, with particular attention being paid to the type of operation performed, the relationship between obesity, bypass procedures and bone disease will remain uncertain. Nevertheless, doctors involved in the care of these patients should be aware of the high risk of bone disease which may not be detected by conventional radiology and biochemistry.
